I INTRODUCTION
The X-ray absorption near edge structure (XANES) of Ti in insulating materials and minerals shows considerable variation. However, there has been l i t t l e e f f o r t made t o r e l a t e the changes observed t o variations in the geometry of the Ti coordination polyhedron. This i s of particular importance in the clarification of near edge absorption processes. Multiple scattering resonances should present spectral signatures which d i f f e r from bound s t a t e or multi-electron transitions in response to varied s i t e symmetry or metal-ligand bond length. I t i s also of interest in geochemistry because Ti mineral s i t e partitioning could be directly determined from l e a s t squares f i t t i n g of the near edge envelope. Such partitioning information i s useful f o r complete characterization of the mineral structure as well as the application of geochemical models.
In t h i s work the Ti near edge spectral features have been examined i n 16 different structures by computer f i t t i n g of Gaussian line shapes t o the spectral envelopes. The resulting feature energies and intensities have then been compared with s i t e fleometry parameters.
I1 Ti XANES General Features
The ~i~+ XANES of 9 representative spectra are shown i n figure 1. All of the Ti s i t e s are octahedral, but the s i t e symmetry varies between mmm and 1. The spectra have up to 9 discernable features between 4960 and 5010 eV. These consist of three in the pre-edge region, best evident in the oxide spectra (ilmenite, anatase and r u t i l e ) , three on the f i r s t edge upslope and maximum which vary in position and intensity, and three on the second edge maximum best seen in the benitoite and anatase spectra. In most spectra the features on the second main edge maximum are not resolved.
In benitoite the Ti s i t e has point symmetry 32 with s i x equal Ti-0 bond distances. Only two pre-edge features are observed, both very weak. Also only two f i r s t edge maximum features are present. In ilmenite, the Ti s i t e i s more distorted than i n b e n i t o i t e , b u t r e t a i n s the t h r e e f o l d symmetry a x i s and has o n l y two d i f f e r i n g bond distances. It appears t h a t t h e main edge c r e s t has s p l i t i n t o two features i n t h i s spectrum, and t h a t t h e t h i r d pre-edge feature has arisen. I n t h e Ti-bearing garnets, t h e T i s i t e has 3 symmetry and t h e spectra a r e very s i m i l a r t o t h a t o f i l m e n i t e . The garnet space group permits o n l y one T i -0 bond distance, b u t because a l l o f t h e garnets examined are a c t u a l l y s o l i d s o l u t i o n s i n several components, one expects some bond-distance v a r i a t i o n from s i t e t o s i t e i n t h e s t r u c t u r e . I n t h e s e r i e s o f spectra i l m e n i t e -Z r T i garnet-Magnet Cove schorlomite-San Benito melanite the r e l a t i v e i n t e n s i t y o f t h e f e a t u r e near 4988 eV increases. Also t h e i n t e n s i t y o f t h e f e a t u r e near 4977 eV and t h e pre-edge feature a t 4970 eV increases along t h i s s e r i e s .
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Fig.l Normalized T i XANES spectra o f r e p r e s e n t a t i v e species.
BOND LENGTH VARIANCE (A2) m 2 Octahedron bond l e n g t h variance i n 12 species p l o t t e d against pre-edge f e a t u r e i n t e n s i t y .
The b i o t i t e and k a e r s u t i t e T i spectra seem t o show a continuing o f t h i s trend. The f e a t u r e a t 4988 eV s h i f t s t o lower energy and i n t e n s i f i e s f u r t h e r , becoming t h e edge maximum, w h i l e t h e f e a t u r e a t 4983 eV a l s o s h i f t s t o lower energy and weakens
considerably. The pre-edge f e a t u r e a t 4970 eV increases i n i n t e n s i t y b u t s h i f t s h a r d l y a t a l l i n energy. The T i s i t e s i n these minerals have symmetries 2 and 2/m ( b i o t i t e has 2 s i t e s , k a e r s u t i t e 3) and t h e s i t e s are r e l a t i v e l y more d i s t o r t e d than i n t h e o t h e r species studied. Anatase has ?2m T i s i t e symmetry and a much d i f f e r e n t near edge spectrum, somewhat l i k e b e n i t o i t e . I t ' s T i s i t e has two d i f f e r i n g bond distances.
I 1 1 Pre-edge Feature--Structure C o r r e l a t i o n s I n f i g u r e s 2 and 3 t h e pre-edge f e a t u r e a t 4970 eV, which i s due t o a 1s-3d e l e c t r o n i c t r a n s i t i o n , i s p l o t t e d against bond l e n g t h variance and bond angle variance, r e s p e c t i v e l y , f o r most o f t h e species studied. There i s l i t t l e c o r r e l a t i o n between t h e pre-edge feature i n t e n s i t y and bond 1 ength variance no matter how t h e data p o i n t s are subdivided. On the o t h e r hand there i s good 
c o r r e l a t i o n o f the bond angle variance w i t h pre-edge f e a t u r e i n t e n s i t y among t h e s i l i c a t e s . Bond angle d e v i a t i o n from 90" i n an octahedron should r e s u l t i n increased 3d-4p mixing i n t o the f i n a l s t a t e of t h e pre-edge e l e c t r o n i c t r a n s i t i o n , g i v i n g r i s e t o greater absorption p r o b a b i l i t y /I/. Bond l e n g t h v a r i a t i o n should have l i t t l e o r no e f f e c t since i t i s o n l y i n d i r e c t l y r e l a t e d t o o r b i t a l mixing. I n f i g u r e 4 t h e 1s-3d f e a t u r e i n t e n s i t y i s p l o t t e d against t h e average T i -0 bond distance. Again t h e r e i s c o r r e l a t i o n f o r t h e s i l i c a t e s . A s i m i l a r p l o t f o r t h e oxides shows l i t t l e c o r r e l a t i o n . A r e l a t i o n between s i t e s i z e and r e l a t i v e s i t e d i s t o r t i o n has been observed i n ~e 2 + minerals 121 such t h a t w i t h increasing s i z e f o r a given coordination number, t h e s i t e i s i n c r e a s i n g l y d i s t o r t e d . This r e l a t i o n s h i p t i e s topether t h e trends seen i n figures 3 and 4 f o r t h e s i l i c a t e T i s i t e s . The d i f f e r e n c e s between the s i l i c a t e s and oxides may be due i n p a r t t o t h e effect o f t h e s i l i c a t e bond on oxygen c o n t r i b u t i o n s t o the T i -0 molecular o r b i t a l s .
I V Near edge Feature--Structure C o r r e l a t i o n s
Figure 5 shows t h e energies of the t h r e e features on t h e f i r s t main edge absorption neak p l o t t e d versus t h e 1s-3d feature i n t e n s i t y . There i s a smooth progression f o r a l l o f the s i l i c a t e samples, suggesting t h a t the near edge spectrum i s comprised o f t h e same features i n a l l cases, b u t s h i f t e d i n energy according t o t h e d i s t o r t i o n and concurrent bond d i tances. The s h i f t i n energy i s s i m i l a r i n
magnitude t o t h a t observed f o r el' compounds /3/,/4/, and i s consistent w i t h these features being m u l t i p l e s c a t t e r i n g resonances r a t h e r than m u l t i -e l e c t r o n t r a n s i t i o n s . The change i n i n t e n s i t y of these features i s a l s o r e l a t e d t o s i t e s i z e and d i s t o r t i o n i n a q u a l i t a t i v e manner. A d d i t i o n a l spectra need t o be evaluated t o b e t t e r understand the amplitude v a r i a t i o n s .
V ~i~+ versus Ti3+ Spectra I n ~i~+ spectra t h e 1s-3d f e a t u r e i s about 2.0 eV h i g h e r i n energy than i n ~i~+ spectra. Comparisons between Ti02 and Ti203 (corundum s t r u c t u r e ) , and between ~a~e~+ S i~o~: T i 4 + and N~T~~+ S~~O~ a l s o suggest t h a t t h e r e i s a chemical s h i f t o f the bound s t a t e absorption between oxides and s i l i c a t e s , and comparisons among s i l i c a t e s suggest t h a t there may be a s h i f t depending on the type o f s i l i c a t e polymerization 131. i ) The XANES spectra of ~i~+ i n mineral s i l i c a t e s and oxides c o n s i s t o f a w e l l defined s e t o f features which vary i n energy and i n t e n s i t y as a f u n c t i o n o f s i t e geometry. Lower symmetry r e s u l t s i n s p l i t t i n g o f one o f the edge features i n t o two i n d i v i d u a l s , and lowered r e s o l u t i o n o f o t h e r features normally v i s i b l e on t h e second edge maximum.
ii ) The T i near edge features s h i f t t o lower energy w i t h increasing bond distances and s i t e d i s t o r t i o n , these being s t r o n g l y c o r r e l a t e d i n s i l i c a t e s . i i i ) The 1s-3d f e a t u r e i n t e n s i t y i s s t r o n g l y c o r r e l a t e d w i t h bond angle variance i n s i l i c a t e structures, w h i l e t h e r e appears t o be no s i m i l a r c o r r e l a t i o n f o r oxides. This i s probably due t o d i f f e r e n c e s i n t h e oxygen c o n t r i b u t i o n s t o t h e f i n a l s t a t e molecular o r b i t a l .
i v ) Th I s 3d f e a t u r e s h i f t s about 2.0 eV upward i n energy i n going from ~i~+ t o Tip+ spectra. Smaller s h i f t s are observed between s i l i c a t e s and oxides and among various s i l i c a t e s o f d i f f e r i n g polymerization. These v a r i a t i o n s must a l s o be due t o the changing c o n t r i b u t i o n s t o the T i -0 molecular o r b i t a l s from t h e 0 bonded t o d i f f e r i n g s i l i c a t e s t r u c t u r a l u n i t s .
